ABSTRACT. The Santuario della Madonna Cave, located near Praia a Mare (Cosenza), along the northwestern coast of Calabria (southern Italy), has an impressive stratigraphy, with occupation phases spanning from the late Paleolithic to the advanced phases of the Middle Bronze Age. Recently, a new excavation area has been opened in the cave from which shortlived vegetal remains were sampled and submitted for accelerator mass spectrometry (AMS) radiocarbon dating. The aim of this study was to define an accurate chronology of the different cultural aspects and to explore the potentialities resulting from application of advanced statistical tools for 14 C data analysis in such a context.
INTRODUCTION
Since its early development, the radiocarbon dating method has had a profound impact in various research fields. Archaeology and earth sciences are examples of such disciplines where the method has had revolutionary implications. In archaeology, the 14 C dating method has been impacted by developments in the field of calibration (e.g. Reimer et al. 2004) , in the introduction of accelerator mass spectrometry (AMS) for 14 C detection and, more recently, in the developments of refined advanced statistical tools for the analyses of multiple 14 C ages (e.g. Bronk Ramsey 2009 ). State-ofthe art AMS spectrometers and sample processing laboratories are now routinely able to measure milligram (or even submilligram) samples, with precision levels of about 0.3-0.4%, and with instrumental sensitivities of about 10 16 . In archaeology, all these technical advancements resulted in the possibility of a more careful selection of the samples to be submitted for 14 C dating and the ability to have a large number of 14 C determinations from the same context. At the same time, advanced statistical tools, many based on Bayesian approaches, were made available (Buck et al. 1991; Bronk Ramsey 1995) to aid in analyzing large sets of 14 C dates and to properly use archaeological or stratigraphic information as statistical constraints for their analysis (Bayliss 2009 ).
We present the results of AMS 14 C dating analyses carried out on short-lived vegetal remains selected from a new digging area at the Santuario della Madonna, a natural cave located near Praia a Mare (Cosenza), along the northwestern coast of Calabria in southern Italy. The excavations carried out in the 1960s by the University of Rome revealed an impressive stratigraphy (Figure 1) , with several layers related to human occupation of the cave, from the late phases of the Paleolithic Age until the advanced phases of the Middle Bronze Age. In fact, the stratigraphy of the Santuario della Madonna Cave has been one of the key sites traditionally used, since the 1960s/70s, for reconstruction of the different chronocultural phases of southern Italy prehistory (Skeates and Whitehouse 1994; Pessina and Tinè 2008) . This study aimed to define an accurate chronology of the different cultural phases and to explore the potentialities resulting from the application of advanced statistical tools for the analysis of the 14 C data in such a context, and contributing to refine the absolute chronology for Italian prehistory.
ARCHAEOLOGICAL INFORMATION
The Santuario della Madonna Cave represents part of a karstic system, developed in Meso-Cenozoic dolomite-marly limestone and reshaped by the sea during the Quaternary. The single, large room of the cave (over 2000 m 2 wide and 15 m height) has been settled repeatedly by humans from the late Upper Paleolithic to historical times, as shown by the systematic archaeological excavations carried out since the 1960s.
Starting from 2002, a new excavation area has been opened near the NW wall of the cave. Human and animal bone fragments, together with various kinds of stone and pottery artifacts, post-holes, hearth remains, and residues of in situ burning were recovered and used to study the human behavior and practices in the framework of the site and surrounding natural landscape evolution.
The stratigraphy of the studied area is shown in Figure 2 . Under the first layer, immediately below the surface and covered by a modern cemetery, 4 main horizons can be recognized in the new stratigraphic sequence:
• Horizon II. The upper levels belong to the Middle Bronze Age, phases 1-2 (the "Proto-Appenninic" cultural aspect) and 3 (Appenninic). These are the richest layers in the whole sequence, showing clear anthropic paleo-surfaces, with several post-holes of possible huts for livestock holding. These layers are followed by subtle levels with typical Laterza culture pottery (Late 
MATERIALS AND METHODS
Eleven samples were selected from stratigraphic units spanning the Bronze Age to Mesolithic levels. In Table 1 , the samples are listed together with their locations within the strata as shown in Figure 2. Short-lived samples, identified through paleobotanical analysis, were selected for AMS 14 C dating analyses, which were carried out at CEDAD (Centre for Dating and Diagnostics) of the University of Salento ). The samples were prepared by the standard chemical processing employed for vegetal remains and aimed at the removal of contaminants and essentially consisting in alternate acid-alkali-acid (AAA) washes ). Conversion of the purified sample material to carbon dioxide was done by combustion at 900C in sealed quartz tubes. The extracted carbon dioxide was then converted into graphite by catalytic reduction using H 2 as reducing agent and iron powder as catalyst. 14 C measurements were carried out at CEDAD on its 3MV HVEE 4130HC Tandetron accelerator (Calcagnile et al. 2005) . IAEA-C6 (sucrose) and IAEA-C4 (subfossil wood) standards were used for normalization and background correction, respectively. The measured 14 C concentrations were corrected for mass fractionation by using the  13 C term measured on-line with the AMS system with conventional 14 C ages calculated according to Stuiver and Polach (1977) .
RESULTS
AMS measurement results are shown as uncalibrated 14 C ages in Table 1 . One can see that the uncertainties obtained for some of the measurements are larger than those achievable at CEDAD in routine measurements of samples of standard mass (~1 mg C). This was due to the poor 14 C counting statistics achieved for low-mass samples (0.5 mg C). Conventional 14 C ages were then converted to calendar ages using the IntCal04 atmospheric calibration data set (Reimer et al. 2004 ) and OxCal 4.0 software (Bronk Ramsey 1995 , 2001 ). The obtained ages show occupation phases spanning from the early 9th millennium cal BC (Mesolithic) to the 11th-12th centuries cal BC (Bronze Age). The available 14 C data were also used to construct a chronological model by using the Sequence function in OxCal. The different ages were grouped into different phases defined on the basis of typological analysis of associated archaeological material. The sequence of the different archaeological phases was then established according to the position of the different cultural layers in the cave stratigraphy. Results of this analysis are shown in Figure 3 . The calculated index of agreement (A) of the individual measurements ranged between 85.8 and 108.9%, indicating good agreement between the data and the model. Similarly, an overall agreement index (A model ) of 94.3% was obtained, well above the threshold of 60%, indicating a good consistency between the a priori supposed model and the set of data. Calibrated time ranges for all the samples and the defined Boundaries are listed in Table 2 . 
CONCLUSIONS
14 C dating analyses carried out on short-lived vegetal remains from the stratigraphic sequence of the "Santuario della Madonna" Cave in Praia a Mare, southern Italy, confirmed the archaeological evidence showing a stratigraphy spanning from the Mesolithic to the Bronze Age. The analysis allowed first of all to reconstruct the stratigraphy of the studied cave, allowing to obtain a chronological framework for the different cultural horizons identified based on the archaeological material. The obtained results can be thus considered significant for the definition of an absolute timeframe for the chronology southern Italian prehistory.
